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Sir: 



We, Julia E. Novak, Cindy A. Sprecher, James W. West, Scott R. Presnell, 
Richard D. Holly, Andrew J. and Nelson, and Julia E. Novak, hereby declare as follows: 

1. We are the named inventors on the above-identified application and have 
reviewed and understand the specification and claims of the above-identified application. 

2. All of the work described herein and illustrated by the attached Exhibits 
was performed in the United States under our direction. 

3. I have read and understood the reference cited by the Office, Presnell et 
al., WO 00/17235, published March 30, 2000. 
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4. Exhibit 1 comprises copies of pages and figures describing data from a 
draft manuscript prepared by one of us (Julia E. Novak) submitted in-house for review prior to 
March 30, 2000, Figure 3 comprised a summary of the data prepared by one or more of us 
(James^f West and Andrew J. Nelson) whose work is described in detail below and provided in 
Exhibits 2 and 3. This draft manuscript establishes that the invention of subject matter of the 
above-identified application, i.e., heterodimeric and multimeric zalphall -containing receptors, 
occurred prior to March 30, 2000, the publication date of the cited reference. 

5. Exhibit 1 (including figure legend "Figure 3." and accompanying Figures 
3A and 3B) includes experimental data that establishes the invention of subject matter of the 
above-identified application, i.e., heterodimeric zalphall-containing receptors, prior to March 
30, 2000. Please note that at the time this manuscript was written we initially used "IL-19R," as 
opposed to the published "IL-21R" as nomenclature for the zalphall receptor polypeptide. 
Similarly, the nomenclature "EL- 19" was used for the ligand (zalphallLigand), as opposed to the 
published "IL-21." Assays were designed and carried out to test whether zalphal ILigand (IL-21) 
might in addition to the 1L-21R (zalphall) use the IL2 receptor common gamma chain (yc), 
a.k.a. IL-2Ry, as part of its receptor complex, since the cytokines most closely related to 
zalphallLigand (IL-21) utilize this subunit. 

(a) ORIGEN Assay Data (see enclosed Figure 3A, and legend). The 
ORIGEN electrochemiluminescence (ECL) technology (Igen, Inc.) provided a 
method for measuring dimerization of two differentially labeled proteins in the 
presence of an unlabeled third protein. A ruthenium metal chelate (Ru) label on 
one protein will emit luminescence when brought near an electric field through 
dimerization with a biotinylated protein which is held in place via streptavidin- 
coated magnetic beads. Using this assay, we assessed the dimerization of the 
soluble zalphall receptor (EL-21R; denoted as IL-19R in Exhibit 1) with various 
soluble class I cytokine receptor subunits in the presence of the zalphallLigand, 
DL-21 (denoted as IL-19 in Exhibit 1). Homodimerization of the zalphall 
receptor (denoted as IL-19R in Exhibit 1) did not occur in the presence of the 
zalphallLigand (IL-21; denoted as IL-19 in Exhibit 1) using this assay. However, 
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in this assay, ligand-mediated dimerization of Ru-IL21R (denoted as Ru-sIL19R 
in Exhibit 1) with bio-IL21R (denoted as bio-sIL19R in Exhibit) or of Ru-IL2Ry 
(Ru-syc) with bio-IL21R (denoted as bio-sIL19R in Exhibit) was measured. The 
results of this assay showed that zalphall receptor (IL-21R; denoted as IL-19R in 
Exhibit 1) and IL-2Ry dimerized in the presence of IL21, but not EL2, IL4, or IL15 
(Figure 3A); hence the dimerization of zalphall receptor (IL-21R; denoted as IL- 
19R in Exhibit 1) and IL-2Ry was specific to IL21 . 

(b) Costimulation Data (see enclosed Figure 3B, and legend). In addition 
to the ORIGEN assay described above, experiments were conducted in order to 
determine whether the dimerization of zalphall receptor and IL-2Ry was 
necessary for signal transduction, neutralizing monoclonal antibodies to IL-2Ry 
(anti-yc antibodies) were used in proliferation assays with normal murine splenic 
B cells. The addition of the anti-yc antibodies TUG/m2 and 3E12 partially 
blocked proliferation induced by IL21 (denoted as DL-19 in Exhibit 1) and anti- 
CD^ (Figure 3B), suggesting that IL-2Ry plays a role in IL21 signal transduction 
in B cells. This data further supported that the zalphall receptor forms a 
functional complex with the IL2 receptor common chain (yc), a.k.a. IL-2Ry. 

(c) Multiple subunits. At least one of us (Julia E. Novak) recognized 
prior to March 30, 2000 that the IL2 receptor had been studied in detail and is 
composed of an a-P-yc heterotrimer. The P and yc subunits are both essential for 
signal transduction and are members of the hematopoietin receptor superfamily, 
whereas the a subunit appears to primarily be involved in high-affinity binding 
conversion and is structurally distinct from the hematopoietin receptor family. The 
yc subunit has been shown to participate in forming the receptors for IL4, IL7, 
IL9, and EL15, in addition to BL2 (for review, see Sagamura, K. et al., Ann. Rev. 
Immunol, 14: 179-205 (1996); copy enclosed)). Based on what was known about 
other Class I cytokine receptors, we recognized prior to March 30, 2000 that not 
only could zalphal 1 receptor form a heterodimeric complex with yc as we had 
demonstrated, but that it would not be unreasonable to form a trimeric or 
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multimeric complex, for example, comprising other Class I cytokine receptor 
subunits, for example, in addition to the IL-2Ry receptor. 

6. The experiments summarized in Exhibit 1, performed prior to March 30, 
2000, describe and provided experimental evidence for a functional zalphall receptor complex 
that contains the IL2 receptor common chain (yc), a.k.a. IL-2Ry. Our data suggested that IL21 
acts through a receptor complex that includes zalphall receptor and the yc subunit of IL2R, even 
though the cytoplasmic domain of zalphall receptor was capable of transducing signal in a 
homodimeric configuration (e.g., see Novak et al, US Patent No. 6, 307, 204; cited by Office). 
This finding was similar to the known receptor, IL4Ra, which is also capable of signaling as a 
homodimer (Kammer, W. et al.., J. Biol. Chem. 271 : 23634-23637 (1996); copy enclosed), 
although the natural functional IL4 receptor complex is a IL4Ra/yc heterodimer. 

7. Exhibit 2 comprises copies of notebook pages 42 and 103 from 
ZymoGenetics Notebook #6917, and pages 130, 138-142 from ZymoGenetics Notebook #6637, 
describing data prepared by one of us (James W. West) prior to March 30, 2000. The following 
experiments were designed to ask whether IL2Ry was a component of the zalphal 1 receptor 
complex, which binds zalphal ILigand (IL21). We used an ORIGEN dimerization assay as 
described in paragraph 5(a) above. 

(a) Pages 42 and 103 from ZymoGenetics Notebook #6917. These pages 
show an ORIGEN assay where IL21 (denoted as "IL-19", "zalphal ILig" or 
"alllig" in the notebook) promoted the dimerization of the zalphall receptor 
(denoted in shorthand as "zal 1" in the notebook) and IL2Ry. In contrast IL2, IL4 
and IL15 did not demonstrating specificity. These experiments were summarized 
in the data graph as shown at the bottom of page 103 (this was the graph used for 
figure 3A in Exhibit 1). The results of this assay showed that zalphall receptor 
and IL2Ry dimerized in the presence of IL21, but not IL2, IL4, or IL15 (Figure 
3 A); hence the dimerization of zalphal 1 and IL2Ry was specific to IL21. 

(b) Paees 130, 138-142 from ZymoGenetics Notebook #6637 . Previous 
experiments to those described above (Paragraph 7(a)) using the same ORIGEN 
dimerization assay described herein showed that IL-21 (denoted as "zalphal ILig" 
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or "alllig" or "zalphall ligand" in the notebook) in conditioned media from 
clones expressing IL-21 promoted dimerization of zalphall and IL-2Ry. Page 
130, and 138-142 shows that 40X concentrated IL-21 containing media prepared 
by one of us (Cindy A. Sprecher) from clones expressing "zalphall ligand" (Page 
130) promoted the dimerization of zalphall receptor and IL-2Ry in the ORIGEN 
dimerization assay. Pages 138-139 show that the receptor dimerization assay 
results showed heterodimerization of zalphall receptor and IL-2Ry in the 
presence of zalhpal ILigand conditioned media. Pages 140-141 showed a repeat 
of these results showing heterodimerization of zalphall and IL-2Ry in the 
presence of BL-21 ("zalphall lig"). The ORIGEN electrochemiluminescence 
(ECL) technology (Igen, Inc.) provided a method for measuring dimerization of 
two differentially labeled proteins in the presence of an unlabeled third protein. A 
ruthenium metal chelate (Ru) label on one protein will emit luminescence when 
brought near an electric field through dimerization with a biotinylated protein 
which is held in place via streptavidin-coated magnetic beads. Using this assay, 
we assessed the dimerization of zalphal 1 receptor with various class I cytokine 
receptor subunits in the presence of the IL-21 (zalphal ILigand). 
Homodimerization of zalphall receptor did not occur in the presence of IL-21 
(zalphal ILigand) using this assay, nor did heterodimerization with IL-4R or with 
IL-4R and IL-2Ry. However, in this assay, ligand-mediated dimerization of 
zalphal 1 with bio-IL-2Ry was shown. 



8. Exhibit 3 comprises copies of notebook pages 36-41 from ZymoGenetics 
Notebook #7072 describing data prepared by one of us (Andrew J. Nelson) prior to March 30, 
2000. These notebook pages have the raw data and results of experiments used to support the 
"Costimulation Data" described in Figure 3B, and legend in Exhibit 1. Pages 36 and 37 
described the isolation of splenic B-cells, pre-incubation with the anti-yc antibodies (TUG/m2 
and 3E12) and co-stimulation of the B-cells with IgM or andt-CD40 antibodies in the presence of 
either murine zalphall -Ligand (a.k.a., IL-21 or "IL-19" as described above), mDL2, mIL4 or 
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mIL15 at concentrations listed. Sixteen hours prior to harvesting, 1 /xCi H-thymidine 
(Amersham, Piscataway, NJ) was added to all wells to assess whether the B-cells had 
proliferated. The raw data from the TopCount Microplate Scintillation Counter (Packard) 
showing 3 H-thymidine-incorporation and hence proliferation of the B-cells in the presence of the 
various cytokines is shown on page 37-38; and the corresponding summary via graphic 
representations of each experiment are presented on pages 38-41. Specifically, the results shown 
on page 38 ("7072.36 anti CD40 w/ titrating amounts of zalphallLig w/wo Rx of TUG & 3E12 
cells CD19 pos select from frozen PBMC") showed that the addition of the anti-yc antibodies 
partially blocked proliferation induced by the zalphall-Ligand (DL-21) and anti-CD40 (also 
shown in Figure 3B in Exhibit 1), which suggested that the IL2 receptor common chain (yc), 
a.k.a. IL-2Ry.played a role in zalphall-Ligand (IL-21) signal transduction in B cells. This data 
further supported that the zalphall receptor formed a functional complex with the IL2 receptor 
common chain (yc), a.k.a. IL-2Ry. 

9. The data summarized in Exhibits 1-3 showed the conception of heterodimeric 
and multimeric zcytorll-comprising receptors, as well as the actual reduction to practice of at 
least one heterodimeric receptor complex containing an isolated soluble receptor polypeptide 
comprising a sequence of amino acid residues as shown in SEQ ID NO:6 (zalphall soluble 
receptor), wherein the soluble receptor polypeptide forms a heterodimeric receptor complex; as 
well as the receptor complex further comprising other Class I cytokine receptor subunits, for 
example, the IL-2Ry receptor. 

10. On the basis of these Exhibits, which document activities within the 
United States of America, we conclude that the invention described in claims 31-33, 35, 37, and 
48-52, of the above-captioned application was conceived and reduced to practice prior to March 
30, 2000. 
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11. We further declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that the making of willfully false 
statements and the like is punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and may jeopardize the validity of any patent issuing from 
this patent application. 

Date 't 131*0*3 

Julia E. Novak 




By Date, 

Cyndi A Sprecher 



By Date_ 

James W. West 



Date JiM 0, 2QD S 



Scott R. Presnell 



By &Z^*Z~~^faJh Date A / S'O? 

Richard D. Holly 




Date iffUOJ, 



Andrew J. Nelscm 



1 L We ftwher declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be true* and 
further that these statements were made with the knowledge that the making of willfully false 
statements and the like is punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and may Jeopardize the validity of any patent issuing from 
this patent application. 

By - - . ... ; Date ■ _ 

Julia & Novak 



By „ Date. 

Cyndi A Sprecher 




By , Date, 

Scott R. Presnell 



By Date. 

Richard D. Holly 



By Date_ 

Andrew J. Nelson 
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Figure 1. Conditioned media from cDNA pools stimulates proliferation of B aF3/IL19R 
cells. The four pools selected for breakdown are shown; other positive pools gave similar 
results. CM were used at 25% of total assay volume. Strong proliferation was seen when 
samples were assayed without soluble receptor (black bars); the addition of EL19R soluble . 
receptor (0.5 Jig/ml) completely neutralized the activity (striped bars). Unstimulated 
BaF3/EL19R cells alone are shown as background (open bars). 

Figure 2. Alignment of human and murine IL19 with related cytokines. Identities (:) or 
similarities (*) between either human or murine IL19 and human IL15 are shown. Mature 
amino termini are indicated by open boxes. Potential N-linked glycosylation sites are 
underlined. 

Figure 3. IL19 receptor complex. (A) Association of sIL19R and syc is mediated by 
DL19. In the presence of IL19, Ru-syc and Bio-sIL19R associate, giving rise to a strong 
luminescent signal (open bars). The specificity of this association is demonstrated by the 
lack of luminescence in the presence of IL2, IL4 or IL15 (open bars). The filled bars 
illustrate that none of the cytokines tested mediate homodimerization of IL19R. (B) 
Requirement for yc during IL19 costimulation of murine B cells. B cells were purified from 
the spleens of C57B1/6 mice and cultured with 0-30 ng/ml IL19 and 1 |Lig/ml anti-CD40 
mAb either without (filled bars) or with (open bars) 50 Jig/ml each of the anti- 7c mAbs 
TUG/m2 and 3E12 (PharMingen International). Values plotted represent the mean value 
(±SD) obtained from triplicate culture. These results represent those obtained in three 
independent experiments. 
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The possible role of homodimerization events in intra- 
cellular signal transduction triggered by the bipartite 
human interleukin-4 receptor was addressed. We gener- 
ated cell lines functionally expressing derivatives of the 
two receptor subunits a and y, which allow for a specific 
and background-free experimental induction of intra- 
cellular homo- and heterodimers. A heterodimer of a 
and y released an intracellular signal, whereas a y-y 
homodimer did not. Unexpectedly, we found the intra- 
cellular domain of interleukin-4 receptor a chain to 
evoke cell proliferation and activation of tyrosine ki- 
nase Jakl as well as of transcription factor Stat6 upon 
homodimerization. Both recruitment of the common y 
chain and activation of kinase Jak3 were shown to be 
dispensible for these processes. 



InterleuMn-4 (IL-4) 1 is a pleiotropic immune regulator with 
a pivotal role in certain allergic processes (1). The bipartite IL-4 
receptor comprises the interleukin-4 receptor a chain (ILARa) 
(2) and the common y receptor chain (7c) (3, 4). Both receptor 
subunits belong to the cytokine receptor superfamily (5) and 
are shared by other cytokines; 7c is also part of the receptors for 
IL-2, IL-7, IL-9, and IL-15 (6), and IL-4Ra contributes to the 
IL-13 receptor (7, 8). 

Ligand-induced juxtaposition of the cytoplasmic domains of 
IL-4Ra and 7c is believed to be a mandatory step in intracel- 
lular signaling which involves recruitment and activation of 
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kinases Jakl and Jak3 (9, 10), transcription factor Stat6 (11), 
and the adaptor molecule IRS-2 (12). However, the architecture 
of the IL-4R complex as well as the molecular mechanisms 
underlying the specificity of IL-4-induced signal transduction 
are to date poorly understood. 

Making use of the strictly species-specific interaction of in- 
terleukin-4 with IL-4Ra chain, factor-dependent murine cells 
were rendered responsive to hIL-4 by expressing human IL- 
4Rof (2, 13-16). An implication of these results is the ability of 
human IL-4 to activate IL-4 receptor complexes containing 
either human or murine common y chain, thus complicating an 
analysis of the composition of the signaling competent receptor 
subunit assembly. 

In order to study the role of receptor chain dimerization 
events in signal release by the hIL-4R complex, we generated 
an expression system for receptor subunits that allowed us to 
experimentally induce specific and background-free intracellu- 
lar hetero- and homodimerization. 

Our results show that the juxtaposition of two intracellular 
domains of IL-4Ra can act as the trigger of specific signaling, 
including the activation of Jakl and Stat6 and the induction of 
cell proliferation. Surprisingly, a hitherto assumed participa- 
tion of the cytoplasmic portion of common y chain and of 7c- 
associated kinase Jak3 is not required. 

MATERIALS AND METHODS 

DNA Manipulations, Stable Transfection of Mouse Cells, and Detec- 
tion and Quantification of Receptor Expression— Recombinant DNA 
work was performed according to standard procedures (17). The murine 
pre-B cell line Ba/F3 (18) has been described. BAF-4o>py, a Ba/F3 
derivative expressing both subunits of the human IL-4R, is identical to 
BAF-4Rh 7 (16). 

Hybrid receptor genes were generated by polymerase chain reaction 
amplification of gene fragments from pKCR-p? (16) encoding the 
epitope-tagged extracellular domain and transmembrane/intracellular 
domain of human 7c and exchanging them for the corresponding frag- 
ments (BamWXhol or XhoUHin&llT) in pKCR-4a. The resulting ex- 
pression plasmids pKCR-4o/ 7 and pKCR-pya were cotransfected into 
Ba/F3 cells as described (16). 

Surface expression of receptor constructs was assayed by reacting 
intact cells with antibodies X 14/38 (16, 19) or P5D4 (20) specific for the 
extracellular portions of recombinant hIL-4Ra or epitope-tagged hu- 
man tc, respectively, and subsequent detection of bound antibodies by 
peroxidase-coupled secondary antibodies as detailed elsewhere (21). 
Briefly, 10 5 cells in a microtiter well were incubated on ice for 30 min 
with 5 fig of antibody in a volume of 50 fxi of phosphate-buffered 
saline/3% bovine serum albumin. After washing twice, cells were resus- 
pended in 100 u\ of a 100 /xg/ml solution of peroxidase-conjugated goat 
anti-mouse IgG (Dianova) and kept on ice for 30 min. Cell-bound sec- 
ondary antibody was detected by transferring the cells to 50 ul of a 
solution contarining 0.1 M Tris/HCl, pH 8.5, 2.5 mM 3-aminophthalhy- 
drazide (Fluka), 400 p-coumaric acid (Sigma), 5.4 mM H 2 0 2 and 
measuring elicited cheiniluminescence using a MicroLumat LB 96P. 
Quantitation of surface-bound antibody molecules was achieved by 
relating the determined intensity of luminescence to a calibration series 
of samples containing known concentrations of peroxidase. 

Cell Culture, Cytokines, and Proliferation Assay — Cell maintain ance 
and preparation of hIL-4 and mutant Y124D has been described previ- 
ously (16). Recombinant murine IL-4 was purchased from Sigma. Cy- 
tokine-induced proliferation of cell lines was measured by [ 3 H] thymi- 
dine incorporation into de novo synthesized DNA as described (16). 

Immune-precipitation, Immunoblotting, and Chemical Cross-link- 
ing— Samples of 3 X 10 7 cells were incubated at 37 °C for 10 min in 1 ml 
of RPMI containing no cytokine, 7 nM of IL-4, or 50 nM of antibody P5D4 
and subsequently lysed as described (16). Cleared lysates were incu- 
bated with 1-5 u% of specific antibody. Antibodies used for immunopre- 
cipitations were 4G10 (anti-phosphotyrosine, Upstate Biotechnology), 
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(22) and anti-Jakl rabbit serum (23). Immunocomplexes were 
ated from lysates with 50 /il of anti-mouse IgG-agarose or pro- 
Sepharose (Sigma) and assayed as described (16) using peroxi- 
njugated antibody RC20 (Transduction Laboratories) at a final 
^ration of 0.1 /ig/ml. Iodination of hIL-4, cross r linking of radioli- 
■ cell-surface receptors, and analysis of immunoprecipitated com- 
by electrophoresis was carried put as described (19). 
J ysis of Stat Activation by Electropkoretic Mobility Shift Assay— 
cell extracts were prepared from cells stimulated with ILr4 or 
iy as described above by suspension of cell pellets in a buffer 
•ing 20 mM Hepes, pH 7.9, 400 mM NaCl, 1 cm EDTA, 20% 
'1, 1 mM dithiothreitol, 0.2 mM phenylmethylsulfonyl fluoride, 5 
leupeptin, 5 ftg/ml, and 100 /am sodium ortAo-vanadate followed 
e freeze- thaw cycles and centrirogation at 4 °C and 14,000 rpm 
oin. Supernatants equivalent to 10 6 cells were used for bandshift 
performed as described (24). As a probe, the Stat6-binding se- 
5 ' - GTC AACTTC CC AAG AAC AG AA-3 ' derived from the human 
<<oter (25) end-labeled with polynucleotide kinase to a specific 
v of 8.000 cpm/finbl was applied. Supershifting of Stat6 contain- 
uplexes was achieved by adding to the binding reactions before 
■phoretic mobility shift assay 1 jig of a chicken antibody directed 
io acids 637^847 of murine Stat6. 2 

RESULTS AND DISCUSSION 

intended to reconstitute in murine cells a functional 
>ukin-4 receptor complex activable exclusively by human 
^rhich would not evoke any background signaling due to 
erence with the endogenous murine IL-4 receptor. To this 
we generated a pair of expression constructs encoding 
d receptor chains derived from hIL-4Ra and hyc with 
ally exchanged intracellular domains (Pig. 1A) and intro- 
mit into the murine pre-B cell line Ba/F3. 

3 clone expressing both 4a/y and py/4a chimeras was 

4 BAF-4ce/7-py4a. The number of surface-expressed re- 
i molecules per cell was determined in comparison with 
Ine BAF-4o>py bearing both subunits of the authentic 
n IL-4R (Fig. IB). As measured by the binding of specific 
sdies recognizing the extracellular receptor domains, in 
ell lines surface expression of the receptor chain compris- 
<» intracellular domain of yc was considerably higher than 
?f the subunit bearing the intracellular part of hIL-4Ra. 

ective of the "authentic* or "cross-over** composition of 
eterologous subunits, similar hIL-4 binding receptor com- 
s could be formed in both cell lines as revealed by immu- 

cipitation of receptor chains cross-linked to radiolabeled 

(Fig. 10). 

test if the bipartite human IL-4R with exchanged cyto- 

lic domains was capable of transmitting specific signals to 
ell interior, we measured IL-4-induced cell proliferation. 
k stimulated with hIL-4, BAF-4oyy-py4a cells expressing 

ombination of hybrid receptors, like BAF-4o-py cells, 

ed a proliferative response (Fig. 2AX 

BAF-4o>py cells, hIL-4 mutant Y124D evoked 60% of the 

synthesis induced by wild type IL-4. We have previously 
ft that this degree of reactivity is due to preferential in- 
tion of Y124D with murine yc (16). When assaying BAF- 
py/4a cells, we found, as earlier observed with human IL-4 
ive cells (19), only 30% of wild type activity for hIL-4 
nt Y124D. This result indicates that hIL-4 cross-over re- 
r, as anticipated and unlike its authentic counterpart, 
ades the formation of productive receptor complexes in- 
ng endogenous murine common y chain, 
mulation with hIL-4 resulted in equivalent patterns of 
ine-phosphorylated proteins in the two cell lines (Fig. 2B). 
intracellular domain of hIL-4Ra is a major substrate of 
d-induced phosphorylation as revealed by specific immu- 
>cipitation (data not shown). Moreover, the modified hIL-4 
•tor was found to recapitulate hJL-4-specific activation of 

. Heim and R. Moriggl, unpublished data. 
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Fig. 1. Generation and characterization of cell lines express- 
ing hJL-4 receptor constructs. A, schematic representation of bipar- 
tite authentic hIL-4 receptor expressed in BAF-4o>py cell (top pair) in 
hIL-4 cross-over receptor expressed in BAF-4a/y-py/4a cells (bottom 
pair). s, signal peptide; ex, extracellular domain; t y transmembrane 
domain; in, intracellular domain; p, epitope tag recognized by antibody 
P5D4. B y analysis of receptor chain surface expression in BAF~4a-py 
and RAF-4a/rpy/4a cells. Samples of 10 5 cells were reacted with anti- 
bodies directed to the extracellular domains of hIL-4Ra or epitope- 
tagged yc, respectively, washed, and stained with peroxidase-conju- 
gated secondary antibody as described under "Materials and Methods." 
Numbers of bound enzyme molecules per cell equivalent to receptor 
chain copies were determined by quantification of elicited chemilumi- 
nescence and correlation of the signal intensity with a calibration series 
obtained by measuring luminescence produced by different known 
amounts of peroxidase under assay conditions. C, analysis of ligand- 
receptor complexes formed on BAF-4a-py and BAF-4a/y-py/4tf cells. 
After chemical cross-linking of 125 I-hIL-4 to the two cell lines, receptor 
complexes were immunoprecipitated using the indicated antibodies and 
subsequently resolved and visualized by SDS-polyacrylamide gel elec- 
trophoresis and autoradiography. Radioligand cross-linked receptor 
chains and complexes are marked with arrows. 



janus kinases Jakl and Jak3. 

We next employed the model receptor system to address the 
individual roles of the IL-4 receptor subunits in signaling. The 
ligand and antibody binding properties of the functionally ex- 
pressed receptor constructs enabled us to specifically induce all 
three possible intracellular receptor dimers (Fig. 3A). In BAF- 
4a/y-py/4oi cells, not only hIL-4-induced heterodimerization of 
the two intracellular receptor domains but surprisingly also 
antibody-mediated cytoplasmic homodimerization of hIL-4Ra 
via the extracellular P5D4 epitope tag lead to cell proliferation 
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Fig. 2. Cytokine-induced responses of BAF-4a-py and BAF-4a/ 
y-py/4a cells. A, cytokine-induced proliferation of Ba/F3 cells and 
transfected derivatives. Cells were incubated with saturating concen- 
trations of the indicated cytokines, and cell proliferation was deter- 
mined by [ 3 H]thymidine uptake after 24 h. Radioactivity incorporated 
in response to murine IL-3 was set 100%. B> hIL-4-induced tyrosine 
phosphorylation in cell lines BAF-4a-p7 and BAF-4a/y^py/4a. Lysates 
from hIL-4-stimulated or -unstimulated cells were subjected to iramu- 
noprecipitation with the indicated antibodies and Western blot analysis 
using anti-phosphotyrosine antibody for detection as described under 
"Materials and Methods." Positions of prominent phosphorylated pro- 
teins are marked by arrows. 



(Fig. 3B). Antibody-induced homodimerization of 7c intracellu- 
lar domains in BAF-4a-py cells did not result in elevated DNA 
synthesis. The concentrations of hIL-4 and antibody P5D4, 
respectively, eliciting a proliferative response are in concord- 
ance with reported dissociation constants for the binding of 
hIL-4 to the high affinity hIL-4R of (100 pM) (26) and for the 
interaction between antibody P5D4 and its cognate epitope 
(100 nM) (21). The bell-shaped dose-response curve for the 
antibody-activity on BAF-4a/-y-py/4Gf cells indicates a blocking 
of receptor cross-linking by monovalent antibody binding at 
excess concentration and thus underscores our notion of P5D4- 
induced receptor homodimerization causing proliferation. 

Comparing the activation of janus kinases known to be in- 
volved in IL-4 receptor complex function by hetero- or ho- 
modimerization, respectively (Fig. 3C), we found that antibody- 
induced intracellular homodimerization of hIL-4Ra results in 
tyrosine phosphorylation of Jakl but not of Jak3. Homodimer- 
ization of intracellular yc does not lead to a detectable phos- 
phorylation of Jakl or Jak3, whereas the heterodimer of a and 
7 evokes the activation of both kinases. Activation of Stat6, as 
assayed by its property to bind to a cognate DNA sequence 
derived from the Ie-promoter, is induced not only by an intra- 
cellular heterodimer of a and y but also by an a-a homodimer 
(Fig. 3D). From these results we conclude that both the cyto- 
plasmic domain of 7c and activated Jak3 are not mandatory for 
Stat activation and for the onset of a signaling cascade leading 
to cell proliferation. The essential trigger for the release of 
these events is rather the juxtaposition of two intracellular 
domains of IL-4 receptor a chain and the concomitant activa- 
tion of Jakl by tyrosine phosphorylation. 

It is to date poorly understood how the common y chain 
contributes to signaling mediated by different cytokine recep- 
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Fig. 3. Directed cytoplasmic hetero- and homodimerization of 
ML-4R subunits and resulting signal transduction. A, schematic 
representation of stimulus-induced dimerization events. 7, hEL-4-in- 
duced selective intracellular heterodimerization of hIL-4Ra and human 
7c in BAF-4a/y-py4a cells. 77, intracellular homodimerization of hlL- 
4Ra via extracellular antibody and epitope tag in BAF-4afy-py/4a cells. 
777, antibody-induced homodimerization of yc in BAF-4cr-py cells. B, cell 
proliferation evoked by the stimuli depicted under -A. The respective cell 
lines were incubated with the indicated concentrations of hlL-4 (7) or 
antibody P5D4 (77 and 777) for 24 h before [ s H]thymidine uptake was 
measured. C and 7), activation of Jak kinases (C) and activation of Stat6 
(7)) by the stimuli depicted under A. The respective cell lines were 
stimulated for 10 min with 10 nM hIL-4 (7) or 100 nM P5D4 {II and 777). 
Cells were then lysed and subjected to immunprecipitations with anti- 
Jak antibodies and probing with anti-phosphotyrosine antibody (O or 
to a band shift assay using a labeled probe derived from the Ie-promoter 
(D) as described under "Material and Methods." 

tor complexes and how specificity of these receptors is achieved 
despite their sharing of a subunit. The only defined biochemical 
function of 7c is the recruitment of Jak3 to the receptor complex 
(27). This very process, however, has been shown not to be 
essential for the specific activity of the IL-2 receptor; it can 
rather be replaced by artificially introducing Jak2 into the 
assembly (28). In this report we show that in the human IL-4 
receptor system neither 7c and Jak3 nor any substitute is 
required for the release of an intracellular signal if the intra- 
cellular domain of hIL-4Ra is experimentally homodimerized. 
Our results raise new questions about the role of -yc in the 



IL-4 Receptor Homodimers Induce Signaling 



23637 



on of the IL-4 receptor. The interaction of ligand with the 
:ellular domains of both IL-4Ra and 7c is necessary for 
aduced signal transduction, because mutant forms of 
defective in contacting 7c fail to stimulate cell prolifera- 
26, 29). Functional properties of the intracellular domain 
in the activation of this particular receptor system have 
t been addressed. Our data indicate that it is not involved 
3 release of intracellular signals specific for IL-4 and 
rt the notion of a more general role for 7c in the formation 
signaling competent IL-4R and probably also other cyto- 
eceptor complexes. In ligand-induced IL-4R activation, 
inction of 7c and Jak3 could be the promotion of a tran- 
assembly of two or more copies of hIL-4Ra, a situation 
■ in turn would lead to specific intracellular signal trans- 
m. Alternatively, in the natural receptor complex, yc- 
ited recruitment of Jak3 might result in an activation of 
an event that in our model experiment is mimicked by 
vxtaposition of two Jakl molecules and serves as the 
T trigger for the various activities of hIL-4Ra. A more 
al version of such an interpretation of exchangeable Jaks 
? hIL-4R complex would be the view that ligand-induced 
cellular apposition of several combinations of two Jak 
ules would suffice to evoke cell proliferation and the other 
ons observed. In this scenario, the major function of the 
ic receptor chain (here: hIL-4Ra) would be to provide 
lition sites for Stats and other downstream components 
ipon Jak-driven activation mediate the particular effects 
4. Directed homodimerization of 7c does not result in 
ar activities because of its lack of recognition sites for 
stream signaling molecules. Also in line with such an 
aation would be the notion of cytokine receptor signal 
iuction being relatively unselective and flexible in terms 
tactions between receptor chains and intracellular bind- 
utners. This would imply that the main event regulating 
icity in cytokine signaling is the recognition between re- 
* and ligand and the thereby cross-linked combination of 
ior subunits. 

discriminate between the two principal explanations com- 
e with our results (involvement of receptor multimers in 
raT hIL-4 receptor activation or low specificity of Jak 
ty combined with recruitment of signaling molecules by 
Ra via specific recognition sites), careful investigation of 
*>ichiometric subunit composition of the active hIL-4 re- 
r complex and a mutational analysis of the cytoplasmic 
»n of 7c in this context are necessary. Also, the molecular 



details of Jak recognition, activation, and specificity in the 
hIL-4R assembly have to be addressed. 
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